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Introduction: 
Dental caries, which is caused by demineralizing the hard tissue of the tooth by 
acids from bacterial metabolism1, is a pandemic public health condition that affects 
millions of people around the world, the majority of whom are school-aged children. .2 
Silver diamine fluoride (SDF) is an inexpensive material that contains silver (which acts as 
an anti-microbial agent); fluoride (which promotes remineralization), and ammonia (which 
stabilizes high concentrations in the solution). 3  It has been used to treat dental caries in 
many countries for over 80 years3.  Many countries including Japan, Brazil, England, and 
Hong Kong have been using SDF to arrest caries in children.  4-7However, it was not 
approved in the United States, in part due to a well-known side effect—black stains where 
the hard tissue of the tooth is diseased.  
In August of 2014, the Food and Drug Administration approved SDF for reducing tooth 
sensitivity for those who are 21 years of age or older, and it became available in the U.S 
market in April of 2015. 3A Current Dental terminology (CDT) code was approved in 2016 
for caries arresting treatments, which allows reimbursement for its off-label use. 3 However, 
despite its potential as an alternative to dental restorations for arresting caries. 3 SDF is not 
taught in the standard curriculum of U.S. dental schools  
 We conducted a systematic review is to synthesize the evidence regarding the 
effectiveness of SDF for arresting dental caries in pediatric patients with cavitated lesions.  
We have chosen children because they are a challenging population for dentists especially 
when there is no access to sedatives such as nitrous oxide to aid in treating non-compliant 
patients and if proven effective SDF can benefit this population immensely. The results of 
this review can provide the basis for clinical recommendations on the use of SDF for this 
purpose in pediatric patients with caries.
 
Methods and Materials: 
 
Our target population is pediatric patients with cavitated lesions. We will compare 
SDF to any preventive intervention used to arrest dental caries (fissure sealants, silver 
nitrite, and fluoride varnish/gel). Our outcome of interest is arresting caries in teeth with 
cavitated lesions. We restrict the review to randomized controlled trials. 
 
Search Strategy. We searched four databases for relevant studies: PubMed, MEDLINE, 
Embase, and the Cochrane library. The specific search term we used was: “silver diamine 
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fluoride” OR “sliver diamine fluoride”. We restricted the search to studies: (1) involving 
patients between the age of 3 and 9 years; (2) published in English; and (3) used 
randomized, controlled trials.   All identified studies underwent an abstract review and/or 
full article review to confirm eligibility. 
Quality Assessment. According to the Agency for Healthcare Research and Quality the 
Cochrane’s Risk of Bias tool is recommended for assessing methodological quality in 
randomized clinical trials.  8 The Risk of Bias tool was used to assess the quality of the 
remaining clinical trials included in the systematic review. 
 
  The Cochrane Collaboration’s tool for assessing risk of bias: 
Domain Review author’s judgment 
Sequence generation Was the allocation sequence adequately 
generated? 
Allocation concealment Was allocation adequately concealed? 
Blinding of participants, personnel and 
outcome assessors (Assessments should 
be made for each outcome) 
Was knowledge of the allocated 
intervention adequately prevented during 
the study? 
Incomplete outcome data. Assessments 
should be made for each main outcome  
Were incomplete outcome data 
adequately addressed? 
Selective outcome reporting Are reports of the study free of 
suggestion of selective outcome 
reporting? 
Other sources of bias Was the study apparently free of other 
problems that could put it at a high risk 
of bias? 
 
 
Results: 
 
The preliminary search yielded 119 citations (Figure 1). All of the titles and 
abstracts were imported into RefWorks.; we excluded the 22 papers that were duplicates. 
Of the 97 papers, we eliminated 79 that were not “clinical trials”. Of the 18 papers that 
remained, 14 did not meet all eligibility criteria; reasons for exclusion are provided can be 
found in Appendix 1.  All four studies concluded that SDF is effective in arresting cavitated 
lesions in pediatric patients and that increasing the frequency of applications improves the 
arrest of caries in cavitated lesions.   
Table 1 describes the characteristics of patients and studies of the 4 eligible studies.  
Three studies used 38% SDF; Santos et al. used 30% SDF. The age of the population 
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ranged between three to nine years. One study was conducted in Latin America (Brazil) 
while the other three studies were conducted in South-East Asia (Southern China and 
Nepal). Two studies touched on the frequency of application of SDF, Zhi et al. concluded 
that increasing the frequency of application from every 12 months to every 6 months 
increases effectiveness of SDF in arresting dental caries. The study conducted by Yee et al. 
concluded that while SDF is effective in arresting cavitated lesions, the effectiveness 
decreases over time.  
Table 2 shows the results from the Cochrane’s tool in evaluating risk of bias. 
Through the use of the Cochrane’s tool we answered six yes/no questions regarding bias 
and came up with a conclusion as shown in Table 2 . The included papers had low to 
medium risk of bias which makes them of high quality.  
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Table 1. Characteristics of included papers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Study  Study 
design 
Population 
(n=) 
Population 
age (years) 
Location SDF 
application 
Intervention Control Follow up Outcome variables 
 
Zhi et 
al., 2012 
 
 
RCT 
 
 
212 
 
 
3-4 
 
 
Southern 
China 
 
Annual  
  And 
Semi-
annual         
1. 38% SDF                     
every 6 
months.  
2. 38% SDF 
every 12 
months.  
3. Annual glass 
ionomer 
(FUJI VI) 
For ethical 
reasons, no 
control 
 
 
 
After one 
year 
 
Increasing the 
frequency of 
application of 
SDF solution to 
every 6 months 
can increase the 
caries arrest rate. 
Dos 
Santos 
et al., 
2012 
 
RCT 
 
91 
 
5-6 
 
Brazil 
 
  One -time 
 
IRT (FUJI IX) 
 
30% SDF 
 
After one 
year 
 
SDF was more 
effective for the 
arrest of caries. 
 
 
Yee et 
al., 2009 
 
 
 
RCT 
 
 
 
976 
 
 
 
3-9 (mean 
=5.2) 
 
 
 
Nepal 
 
 
 
  One -time 
1. 38% SDF) 
with tannic 
acid as a 
reducing 
agent;  
2. 38% SDF 
alone 
3. 12% SDF 
alone 
 
 
 
No SDF 
application 
 
 
 
After one 
year 
 
SDF is effective 
in arresting caries, 
but effectiveness 
decreases over 
time. 
 Chu & 
Lo  , 
2008 
 
RCT 
 
3100 
 
3-4 
 
Southern 
China 
 
   Annual 
1. 25% AgNO3 
and 5% NaF 
2. 38%SDF and 
placebo 
varnish 
 
No placebo 
 
30 
months 
 
SDF varnish was 
effective in 
arresting dentin 
caries among this 
sample of 
children. 
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Table 2. The Cochrane collaboration’s tool for assessing risk of bias: 
	  	  	  
 
 
Discussion 
 
We conducted this review to assess whether the use of SDF was effective in 
arresting dental caries among pediatric patients. While we found that the four studies 
included in our review had low to medium risk of bias, all concluded that SDF is effective 
in arresting dental caries in a cavitated lesion for children in the range of three to six years 
of age. The increase in frequency of application from every 12 months to every 6 months 
increases the rate of carries arrest.  
Currently, many countries outside the United States use SDF to treat dental caries.  
Although there are well-known side effects, including black staining, the low cost of SDF 
makes it a potentially appealing treatment for pediatric patients who cannot afford, lack 
access to, or cannot comply with conventional dental treatment of cavitated lesions with 
dental restorations. 3 The current Glass Ionomer Cement (GIC) material for atraumatic 
restorative treatment recommended by the World Health Organization (WHO) is FUJI IX; 
however, this material is nearly 20 times more costly than SDF and is not readily available 
in developing countries.  9, 10 Developing countries could benefit from SDF because 
 Sequence 
generatio
n 
Yes/No 
Allocation 
concealme
nt 
Yes/No 
Blinding 
Yes/No 
Incomplete 
outcome data 
Yes/No 
Selective 
outcome 
reporting 
Yes/No 
Other 
sources 
of bias 
Yes/No 
Conclusion on SDF 
Zhi et al., 
2012 
 
Yes 
 
Yes 
 
Yes 
 
Yes 
 
Yes 
 
No 
Annual application of either 
SDF solution can arrest active 
dental caries. 
 Dos 
Santos et 
al., 2012 
 
Yes 
 
No 
 
Yes 
 
Yes 
 
Yes 
 
No 
 
Annual SDF showed better 
results than the comparator 
(IRT) in arresting caries in 
primary teeth. 
R. Yee et 
al., 2009 
 
Yes 
 
Yes 
 
Yes 
 
Yes 
 
Yes 
 
No 
Annual single spot application 
of 38% SDF is effective in 
arresting caries. 
 
C. H. Chu 
& Lo EC. 
, 2008 
 
Yes 
 
Yes 
 
Yes 
 
Yes 
 
Yes 
 
No 
  
Annual SDF varnish was 
effective in arresting dental 
caries in children. 
 
SDF: silver diamine fluoride 
IRT: Interim restorative restoration Treatment 
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conventional restoration is not readily available or affordable.   Moreover, most citizens of 
developing countries live in rural areas where access to any type of healthcare is limited if 
existent. SDF can be applied outside the clinical environment with very little materials. The 
same applies for fluoride varnish, which is only used to prevent dental caries and not arrest 
cavitated lesions like SDF. SDF will not only benefit underprivileged pediatric populations, 
but also those pediatric patients with special needs who are unable to cooperate with the 
dentist to place dental fillings, and do not have the means to get treated with nitrous oxide 
or under general anesthesia . 
 
There are several limitations of this study.  First, we only included studies that were 
written in English.  Because SDF has been used for many years in non-English speaking 
countries, we may have missed relevant RCTs.  We think this is unlikely because high-
quality RCTs are costly to conduct, and we would likely have found those studies in the 
reference list of included studies.  Similarly, grey literature was not included; however, 
such high-quality RCTs would likely have been published. Finally, a single reviewer 
conducted the quality assessments.  
Our systematic review suggests that SDF is effective in arresting caries within a cavitated 
lesion when used on pediatric patients. We recommend (1)that the dental community 
consider the use of SDF to arrest cavitated lesions in pediatric patients where using 
conventional restorations is not possible or difficult while making it clear to patients that 
black stains will occur after application of SDF.   (2) that  the U.S. dental schools consider 
adding SDF so that it is taught in the standard curriculum. (3) carrying out further studies 
with an adult population will be beneficial to see whether or not SDF is as effective in 
adults.  
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Figure	  (1):	  PRISMA	  2009	  Flow	  Diagram	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Appendix 1 
 Table	  1.The	  following	  table	  shows	  the	  screened	  papers	  that	  were	  excluded	  from	  the	  systematic	  review:	  	  
Study	   Reason	  for	  exclusion	  Chu	  CH	  et	  al.	  ,	  2002	   It	  is	  not	  a	  randomized	  clinical	  trial;	  does	  not	  meet	  the	  chosen	  filter	  criteria	  	  Craig	  GG	  et	  al.,	  2012	   Studies	  the	  effect	  of	  SDF	  as	  a	  desensitizing	  agent;	  does	  not	  meet	  intervention	  of	  PICO	  question	  	  Klein	  U.	  et	  al.	  ,	  1999	   It	  is	  an	  in	  vitro	  study;	  does	  not	  meet	  population	  criteria	  of	  PICO	  question	  Liu	  et	  al.	  ,	  2012	   It	  does	  not	  meet	  the	  intervention	  criteria	  ;	  talks	  about	  prevention	  rather	  than	  arresting	  caries	  	  Llodra	  JC.	  Et	  al.	  ,	  2005	   It	  is	  not	  a	  randomized	  clinical	  trial;	  does	  not	  meet	  the	  chosen	  filter	  criteria	  	  Lo	  EC.	  Et	  al.	  ,	  2001	   It	  is	  not	  a	  randomized	  clinical	  trial;	  does	  not	  meet	  the	  chosen	  filter	  criteria	  Mattos	  Silveira	  J.	  et	  al.	  ,	  2014	   It	  is	  an	  ongoing	  trial	  with	  no	  conclusions	  yet	  	  McDonald	  SP	  ,	  Sheiham	  A.	  ,	  1994	   It	  is	  not	  a	  randomized	  clinical	  trial;	  does	  not	  meet	  the	  chosen	  filter	  criteria	  Monse	  et	  al.	  ,	  2012	   It	  does	  not	  meet	  the	  intervention	  criteria	  ;	  talks	  about	  prevention	  rather	  than	  arresting	  caries	  	  Quock	  RL.	  Et	  al.,	  2012	   It	  is	  an	  in	  vitro	  study	  and	  is	  studying	  effect	  of	  SDF	  on	  bond	  strength;	  does	  not	  met	  intervention	  and	  population	  of	  PICO	  question	  	  	  Vasquez	  E.	  et	  al.	  	  2012	   Studies	  pharmacokinetics	  of	  SDF;	  does	  not	  meet	  the	  intervention	  of	  the	  PICO	  question	  	  Wong	  MC	  et	  al.	  ,	  2005	   It	  is	  not	  a	  randomized	  clinical	  trial;	  does	  not	  meet	  the	  chosen	  filter	  criteria	  Tan	  HP	  et	  al.	  ,	  2010	   Studies	  elderly	  population;	  does	  not	  meet	  population	  criteria	  of	  PICO	  question	  Zhang	  W	  et	  al.,	  2013	   Studies	  elderly	  population;	  does	  not	  meet	  population	  criteria	  of	  PICO	  question	  	  
